Abstract: K-Ar dates for volcanic rocks of the southern Dent Peninsula confirm a Middle Miocene age, and K-Ar dates on the Semporna Peninsula also indicate a similar Middle Miocene age, older than previously held.
INTRODUCTION
A reconnaissance field transect was made across Sabah in May 1994. A Magellan GPS satellite device was used to accurately position the outcrop sampling localities (Fig. 1) .
The southern part of the Dent Peninsula is dominated by Miocene volcanic rocks, and volcanic rocks have been incorporated into the Miocene Ayer Formation melange. The Semporna Peninsula is also characterized by Miocene andesitic volcanic rocks, many of which preserve a volcanic geomorphology (Kirk, 1968; Hutchison, 1989) . The Pliocene rift-related basalts of the Mostyn Estate represent the youngest volcanic event.
LOCALITIES AND PETROGRAPHY
The specimens were collected at the following localities: 1 = andesitic tuff which immediately underlies the basal Sandakan Formation, on the coast beneath the mosque (poorly sorted coarse tuff composed of 0.5 to 2 mm plagioclase crystals and < 1 to 2 mm andesite clasts in a smectite-and chloriterich muddy matrix), 5.8433°N, 118.1267°E. 2 = basaltic-andesite tuff breccia, Lahad Datu-Tungku road (poorly sorted crystal-rich; composed of euhedral feldspar, hornblende and pyroxene grains < 2 mm and together forming 30% of the rock, with rare vitric andesite fragments in a devitrified glass matrix of smectite and zeolites), 4.9817°N, 118.6100oE. 3 = dacite clast in tuff breccia, Lahad Datu-Tungku road (hornblende andesite lava or intrusive fragment, composed of < 2 mm euhedral feldspar, hornblende, and pyroxene grains totalling 60% of rock in a devitrified glass matrix of smectite and zeolites), 4.9817°N, 118.6100oE. 4 = basaltic andesite tuff breccia, Membatu Road, Tungku (poorly sorted crystal rich, composed of < 2 mm euhedral feldspar, hornblende and pyroxene grains totalling 40% of rock, with rare 2-10 mm vitric andesite fragments in devitrified matrix of smectite and zeolites), 4.9817°N 118.7883°E. 5 = tholeiitic vesicular basaltic-andesite, Mostyn estate, Kunak (fine grained porphyritic vesicular, with euhedral 1-3 mm plagioclase and augite phenocrysts in a < 0.2 mm matrix of plagioclase, augite and altered glass. Irregular vesicles are 1-3 mm across), The andesite tuff which outcrops on the coast beneath the mosque belongs to a formation which is unconformably overlain by the Sandakan Formation. Lee (1970) ascribed the andesite tuff to the Garinono Formation, because outcrops on the nearby islands are composed of melange. However, Rangin et al. (1990) identified Oligocene fossils from the tuff. Plagioclase extracted from the tuff yielded a Cretaceous K-Ar age, which may be anomalous because of the very low potassium content and possible excess 4°Ar content (Table 1) . Separated apatite crystals yielded an Oligocene fission track age, which like the overlying Sandakan Formation has not been reset and may indicate an Oligocene igneous age. The andesitic material in Sandakan is on line with the Cagayan Ridge of the Sulu Sea, and may be the landward continuation of this July 2000 (Swauger et al., 1995) volcanic arc, which was rifted during the Miocene spreading of the Southeast Sulu Sea marginal basin.
Dent Peninsula
Andesite and dacite of the Tungku Formation (Haile et al., 1965) have yielded K-Ar dates ranging from 11 to 16 Ma (Middle to Upper Miocene) (Rangin et al., 1990) . Our data (Table 1) have yielded a confirmatory Middle Miocene age (Locality 2, Fig.  1 ). Details of the offshore drilling of the Dent Peninsula have never been published. The wells drilled into a basement of volcanic rocks, which unfortunately have never been studied. The Dent Miocene volcanic province is likely to be more extensive than shown on the outcrop maps.
Semporna Peninsula
K-Ar ages for volcanic and plutonic rocks, sampled at Tawau (loc. 7) and as far east as Mount Pock (loc. 10) confirm a general Middle Miocene age, somewhat older than the age assumed by Kirk (1962) for the Semporna Volcanic Arc. Clearly the Semporna Volcanic Arc is synchronous with volcanism in the Dent Peninsula, described by Haile et al. (1965) . Offshore wells drilled into these volcanics, but details have never been published.
The Kunak rift-related basalts at Mostyn Estate are confirmed to have been extruded in the Pliocene (Rangin et al., 1990) .
The Middle and Upper Miocene volcanism of the Dent and Semporna peninsulas was synchronous with deposition of the Tanjong and Sandakan Formations, and this has implications for possible degradation of reservoir porosity quality.
Assay Laboratories, Toronto. Analytical uncertainties are < 1-5 relative % for major elements (present in concentrations> 10 wt%) and 5-20 relative % for minor and trace elements (Tables  2 and 3 ). The details are contained in an unpublished ARCO report (Swauger et al., 1995) .
GEOCHEMISTRY
Major element contents were determined by conventional X-ray fluorescence spectroscopy, minor and trace elements using a variety of wet chemistry, ICP-MS, DCP, XRF and other techniques in X-ray The two samples from the Pliocene Kunak riftrelated volcanics (5 and 6) plot in the tholeiitic basaltic-andesite field (Fig. 2) . The Dent and Sempoma peninsulas Miocene volcanic rocks range from basaltic-andesite to dacite ofthe calc-alkaline series, while the rhyolite sample from Mount Pock Ta < 0.5 < 0.5 < 0.5 < 0.5 < 0.5 < 0.5 0.6 < 0.5 < 0. fits into the High-K series. Although quite distinct on Figure 2 , a convention Harker plot of (Na 2 0 + ~O) versus Si0 2 fails to show the distinction, because ofthe compensating higher Na 2 0 contents (Fig. 3) . Plots of Ba (ppm), Rb (ppm) and CelYb, versus Si0 2 clearly show that the Pliocene tholeiitic lavas of the Kunak area are tholeiitic (Fig. 3) and have geochemical similarities to the ophiolite suite and were derived from the same composition mantle as the Mesozoic ophiolite of the nearby Darvel Bay and Segama areas.
The Pliocene Mostyn Estate basalt is shown on a rare earth chondrite normalized diagram (Fig. 4) , and it displays a remarkably similar signature to the ophiolite basement, indicating that the basalt is rift-related and derived from the same mantle as the Mesozoic ophiolite. Indeed the Pliocene riftrelated basalts are indistinguishable from the ophiolitic basalts (Graves et al., 2000) and have MORB type signatures. By contrast, the Dent and Semporna Miocene volcanic rocks display normal calc-alkaline signatures.
TECTONIC SETTING
The tectonic setting ofthe Miocene volcanic arc is by no means clear. It is impossible to relate its origin wholly to subduction from the Northwest Borneo Trough, which became extinct in the Lower Miocene (Hutchison, 1989) . Hutchison (1992) modelled the arc as being related to subduction from the Celebes Sea, combined with intra-arc rifting to form the Southeast Sulu Sea marginal Basin, in which Middle Miocene melange was deposited. One of the melange formations (Ayer Formation) contains rifted clasts of the volcanic rocks in the southern Dent Peninsula. Solving the regression equations of Hutchison (1976) 
